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1;YV,?9H1;Y)(D.M,?1;(�¿
�C>�,/9�YL,?9)&)='(-Q
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x�Y)(�='(�6N13I3Oh4AB01+,?9K&£.0%'GAY[1�IWO�4-B;1iUL4-FK9)&V,?.;2�4/6
(�,?>�Y¤UL4?J�.;(�<).0(B0(�9:1h1;Y)(i�¦4-%'9£,?9)&·='(�,�*-(a1;%@O�(-Ze.0(�B;<V(�>10%'*-(�='2:ZX6N4A.+10YK(
*-,/.0%'4-F)BX.;(�>�(�%'*-(.0B�Q\"
B�&K(�Oh4A9)B01;.M,?1;(�&^U[2C10Y)(cUV4AF)9)&V,/.0%'(�B�Z/(�,?>�Ya.0(>�(�%'*-(�. G-(10B�,?='=A6N4-F).X<V,/>�f-(�1;B�4?6y10Y)( ]L=@( %'9S,�.0(�,/B04-9L,?U)='(
,/Oh4-FK9[1\4?6�10%'O�(-Z-GA%'*-(�9�10Y)(D.0(>�(�%'*-(�.c.M,/10(D>�4-9KB010.�,?%'9:10B�Q�})4A.8(�J),/Oh<)='(-Z:¿
sCG-(�1;B�10Y)(c6N4AF). <V,?>�f-(10B�%'9h13# 4�1;%'Oh(�F)9)%'1;B�Z:10YK(
O�%@9K%@O^F)OÂ<L4-B;B0%'U)='(
GA%@*A(�9a10YK(
>�4A9)B01;.M,?%'9:1 10YV,/1�¿csD>�,?9�.0(�>(�%'*-(D13#84C<V,?>�f-(10B�<L(�.�10%'Oh( F)9)%'1�Qz�X,?>�fA(�10B�µ�,?9K&��¤,?.;.0%'*-(c4-9
� YV,/9)9)(�= � Z-#�YK%@='(�<V,/>�f-(�1;B�"ð,/9)&h´Â,?.;.0%'*-(c4-9h� YV,/9)9)(�= � Q�x�Y)(c]VGAF).0(D,?='B04C%@='='F)B;10.M,/10(�B 10YL,?1 10Y)(cB0>�Y)(�&)FK=@(+,/>�>�4-O�4:&V,?1;(�B
,/.0U)%'10.�,?.;2��¦4-%'9H10%'Oh(�B�Q�7_68# (�B;Y)%¥6N1
1;Y)(^B01M,/.01c10%'Oh(c6N4A.i,?9:2H4?6 10Y)(+.;(�>�(�%'*A(�.0BH�bU:2¤�0B;=@%'&)%'9)GA��1;Y)(^UV4?J:(�BD='(�6N1c4-.
.;%'G-Y:1M�ZV# (
B;(�(+10YL,?1�10YK(+.0(�>(�%'*-(�.c#�%@='=LB01;%@='=yGA(�1i,/=@=K6N4AF).�<V,?>�fA(�10B�Q�x�Y)%'B %@B
,^fA(�2a6_(�,?1;F).0(D4?6�1;Y)%'B�<V,?.;10%'>�F)=b,?. B0>�Y)(&)F)='(-Q
"c=@1;Y)4-FKG-YH10Y)%'B ]VGAF).0(^B0YK4?#�B�<V,?.�,?='='(�=�1;.M,?9KB0Oh%'B;B0%'4-9�4?6�<V,?>�fA(�10Bc6N.;4-O�1;Y)(�B;(�9)&)(.�ZL%'95.0(�,/='%@132a1;Y)(^<V,?>�f-(10Bi,/.0(+B;(�9:1
%'9

,!B0(�.;%d,/=e6W,?B;Y)%'4-9HU:2�1;Y)(^B0(�9)&K(�.�QDx�Y)(^<V,/.M,?='='(�=eB0<L(�>�%¥]V>�,/10%'4-9�4?681;Y)(+B;>MYK(�&)F)='(a%'Oh<)='%'(�B B04AOh(c�V(�J:%'U)%'='%@132�%'9510Y)(CB0(�E:F)(�9K>�I
%'9)G54/6
<V,?>�fA(�1�1;.M,/9)B0O�%@B;B0%'4-9KB+4-F)1^4?6
1;Y)(hB;(�9)&)(.�Q£}K4-.+4AF).^(�J),?Oh<K=@(AZz,/9[2�10.�,?9)B;Oh%'B0B;%'4-9�B0(�E:F)(�9K>�(5%'9�#�Y)%'>�Y£10YK(a6N4AF).
<V,/>�f-(�1;Bi1;YV,?1D,?<)<L(�,/.
%'9510YK(�B�,?Oh(D1;%@O�(h�;B0='4-1;��,?.;(+10.�,?9)B;Oh%'101;(�&5>�4A9)B0(>�F)10%'*A(�='2�#�%'='=�>4-9:6N4A.0O�1;4a10Y)(^OaF)='10%'<)='(
>�YV,/9)9)(�=
B;>MYK(�&)F)='(5B;Y)4?#�9�Q¤»
B;%'9)G�10Y)(H9)4A1M,/10%'4-9·ñ�ò+1;4�%'9)&)%'>�,?1;(H<V,?>�f-(1añóB0(9[1�F)B0%'9)G�OaF)='10%'>�,/B01^&)(�B;10%'9V,?1;%'4-9Ù,/&)&).;(�B0BHô0Z 10YK(
6N4A='=@4?#�%'9)GC%@BD,^<V4AB0B;%@UK=@(^B0(.0%b,?=e10.M,/9)B0O�%'B0B0%'4A9�B;>�Y)(�&)F)='(^10YV,/1
%'B
(E[FK%@*-,/='(�9:1�104a10YK(�<V,/.M,/=@='(�=yB;>�Y)(�&)F)='(aB;Y)4?#�9H%@9�}�%'GAF).0( � ê
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}e%@GAF).0( � êX"g�HF)='10%'<)='(�I0� YV,?9K9)(�=��HF)='1;%@>�,?B01
RT>MYK(�&)F)='(

"cB�10Y)(D(�J),?O�<)='(
%'='='F)B01;.M,?1;(�B�Z:1;Y)(D&)(�B;%@GA9H4?6�,^OaFK=@1;%'<)='(�IW>�YV,/9)9)(�=KOaF)='10%'>�,?B;1�B0>�Y)(&)F)='(+OaF)B;18B;<V(�>%|6_2a6N4AF).�>�4-O�<V4A9)(�9:10B�ê
ý·þ F)OaUL(�. 4?6X>MYL,?9)9)(=@B

ý ¿
,/10(D<V(.�>MYL,?9)9)(=
ý R:>�Y)(�&)FK=@(�6N4-. <V,?>�fA(�1�10.�,?9)B;Oh%'B0B;%@4A9)B 4-9H(�,?>�YH>�YV,?9K9)(�=
ý �e4-='%'>�2^6N4-.�.;(�>�(�%'*A(�.0BD104
�¦4-%'9h>�YV,/9)9)(�='B�B0<L(�>�%¥6N2:%'9)Gh,/9[2�>�4-9KB010.�,?%'9:10Bc4-9H#�Y)%'>�Y�>�YV,/9)9)(�='B�.;(�>�(�%'*-(.0BDB0Y)4AF)='&+��4-%'9�,/9)&
Y)4?#�1;Y)(8��4A%@9KB8B;Y)4-F)='&HUL(i1;%'Oh(�&�Q

Î�Ï_Î ÿ�Ý\Ó���ÒXÓ��PßHÓ)ÓKÝ�Ó¤æ�Ý�ÓKÓ)Õ�ÜLÖ)Û0Ý\Þ
x�Y)(COaF)='10%'<)='(�I3>MYL,?9)9)(=yOaF)='10%'>�,?B;10%'9)G�,/<)<).;4[,?>�Y5>�,?95YV,/9)&)='(�,!=d,/.0GA(i9:F)OaUL(�.�4/68.0(�>(�%'*-(�.;Bi#�%'1;Y5&)%¥�`(.0%'9)Ga.M,/10(�BDUL(�>�,/F)B0(
(�,/>�Y�.;(�>�(�%'*-(.��¦4-%'9)B
>�YV,/9)9)(�='BcUV,?B;(�&�4A95%'10Bc4?#�9�.�,?1;(-Zy#�%'10Y)4AF)1
UKF).0&)(9)%'9)Gh1;Y)(�B;(�9)&)(.i#�%'1;YH�V4?#Â>�4A9[1;.04A=�%'9:6N4A.0O�,/10%'4-9eQ
x�Y)( BM,/Oh(�B;4-.;1�4?6V.;(�>�(�%'*A(�.8,?FK104-9K4-Oa2
%'BX9)(�(&)(�&a104D(�9KB0F).;(�.0(�='%b,?U)='( &)(�='%'*-(�.;2[Z�4A10Y)(�.;#�%'B0(�10YK(8B;(�9)&)(�. #�%'='=-UL(�4?*-(�.;#�Y)(�='Oh(�&
#�%'10YH(�.;.04A.�>�4-9:10.;4-=e%@9T6N4-.;O�,?1;%'4-9�Q
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x�Y)(C9V,?%'*-(+,/<)<).04:,?>�YH%'B�104hB;%'Oh<)='2^YV,�*-(+.;(�>�(�%'*A(�.0BD='%'B010(9�FK9[1;%'=�10YK(�2H.0(�>�(%@*A(S,/='=y<V,?>�f-(10B�Q¡x�Y)(+B0(9)&)(�.DOaF)B;18B;F)<)<L4-.01
,/.0U)%'10.�,?.;2���4-%'9�10%'Oh(Bi,?9K&�#�%@='=3ZL10Y)(.0(�6N4A.0(-ZX.;(�<L(�,?1^10Y)(a1;.M,/9)B0O�%@B;B0%'4-9�%@9�B04AOh(+>2[>=@%'>^6W,/B0Y)%'4A9�Q^x�Y[FKB�ZX,h.;(�>�(�%'*A(�.�>4-F)='&
.;(�O�,/%@9�>�4-9K9)(�>�1;(�&�F)9:10%'=�1;Y)(+='4-B;1�<V,?>�fA(�10B+,?.;(+.0(<)=b,�2-(�&54A9H10Y)(+9K(�J:1i>2[>=@(AQ�»
9:6_4-.01;F)9V,/10(�='2:Z:10Y)%'Bi,/<)<).;4[,?>�Y5%'9:10.;4:&)F)>�(�B
1;Y)( o��?ol@î���p-n�me¸`¹0º	��l'î�j Qa� 4-9)B;%'&)(�.�,!]V='(^#�%@1;Y�13# 4H<V,?>�fA(�10B�Z�" ,/9)&�µiZy1;YV,?1+,/.0(a>�2:>�='%'>�,?='='2H10.�,?9)B;Oh%'101;(�&�Q^"$.0(�>�(%@*A(�.
1;YV,?1 .0(�>(�%'*-(�Bc<V,?>�f-(1�"g,?9)&�Oh%'B0B;(�B8<L,?>�f-(�1�µ¤OaF)B;18='%'B01;(�9�,/G[,/%@9a1;4�<L,?>�f-(�1�"ÄUL(�6N4-.;(+.0(>�(�%'*:%@9KG�<V,/>�f-(�1�µDQ:x�Y)(D10%'Oh(�1;4
.;(�>�(�%'*-(C10Y)(+(J[1;.M,/9)(�4-FKB
<V,/>MfA(�1�"Â.0(B0F)='10Bc%'9h%'9)(�{h>�%'(�9:1�F)B;(+4?6X10Y)(C>MYL,?9)9)(=WQ
¿¡(�B0(�,/.0>�Y)(�.;BHYV,�*-(H<).;4-<L4-B0(&�10Y)(HF)B;(54?6+})4A.0#�,?.;&ë��.0.04A.h� 4-.;.0(�>�1;%'4-9g�_}z�\���^104�.0(>�4?*-(�.!6N.04AOè<V,/>MfA(�1h='4AB0Bh,?1^10YK(

.;(�>�(�%'*-(.+%'9�.;(�='%b,?U)='(+OaF)='1;%@>�,?B01 <).;4-104:>�4A='B�r�u:Z�
)Z � u)Z � ©)ZLs � Z � 
Àw0Q�" ��y÷��y� (9)>�4:&)(�.+1�,?fA(�B��H<L,?>�f-(�1;BD4?6�B04AF).0>�(^&V,/1M,h,/9)&
<).;4:&)F)>�(�B������^.0(&)F)9)&V,/9)>�2a<V,/>�f-(�1;B8B;F)>�Yh10YL,?1��������^4?6y10Y)(�����^4-.;%@GA%'9V,?=��������^.0(�&)FK9)&V,?9K>�2)��<V,/>�f-(�1;B8>�,/9aUV(cF)B0(&
1;4a.0(�>�4A9)B01;.0F)>1+10Y)(C4-.0%'GA%@9L,?=��h<L,?>�f-(�1;B�r �-� Z � ª:Z � vw0Q � 4-9)B;%@&K(�.�10Y)(C(�J),?Oh<K=@(c%'9í}e%'G-FK.0(+s^#�Y)(�.;(�1;Y)(+B0(9)&)(�.c>�.0(�,/10(�BD13# 4
.;(�&)F)9)&L,?9)>�2a<L,?>�f-(�1;B�Z��Cù�,/9)& �Dû?Z/6N.04AO§13# 4D4-.;%@GA%'9V,?=)<L,?>�f-(�1;B�Z:õ�,/9)&hüaZ:%'9h,a��"!Äs)÷#� !¨t[�X(.M,?B;F).0(c<V,?>�fA(�18(9)>�4:&)%'9)GVQ
x�Y)(DB;(�9)&)(�.c>�2:>�='%'>�,?='='2aOaF)='10%'>�,/B010B\10Y)(�B;(+<V,/>MfA(�10B�1;4a10Y)(D.;(�>�(�%'*-(.0B�ZL1;Y[FKB�9)4�>=@4AB0(�&TIW='4:4-<!6N(�(�&)UL,?>�fHOh(�>�YV,/9)%'B0O�6N4-. (�.;.04-.
>�4A.0.;(�>�10%'4A9h%'B89K(�(�&)(�&eQ%$y4AB0B;(�B�,/1�,�<V,?.;10%'>�F)=b,?.\.0(�>�(%@*A(�.
,?.;(
%'9)&)%'>�,/10(�&aU:2^>�.04AB0B;%@9KG�1;Y)(
<V,/>�f-(�1 4-F)1�Q þ 4-1;(
10YL,?1�¿�(�>�(%@*A(�.0B
� ,/9)&�sHUV4A10Y�='4-B;(h,�B0%'9)G-='(-Ze2-(1+&)%¥�`(.0(�9:1�Z\<V,?>�fA(�1+#�Y)%'>�Y�%'Bi.;(�<V,/%@.;(�&£U:2�10Y)(^]L.0B01^.0(&)F)9)&V,/9)>�2�<V,/>�f-(�1�Qh739£,/&)&)%'10%'4-9
¿¡(�>�(�%'*-(.i�C=@4AB0(�BcUV4A10YH4-.;%'G-%'9V,?=L<V,/>MfA(�10B
,/9)&H.0(�>4?*-(�.;B
F)B;%@9KGa4-9)='2a.0(&)F)9)&V,/9)>�2H<V,/>MfA(�10B�Q
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}e%'G-F).;(+s)êX}z�\���X9K>�4:&)%'9)G

x�Y)(�&K.M,�#�UV,/>MfC104�}X���·%'BX10Y)(�>�4AOh<)='(�J:%'132D4?6y(�9)>�4:&)%'9)G^,?9)&^&)(�>�4:&)%'9)GLQXx�Y)(�(�9)>4[&K%@9KGi>4-Oh<K=@(J[%'132D%'BX&)%'.0(�>�1;='2�.;(�=b,?10(&
1;4��H,?9)&&�XQ�x�Y)(+&)(>�4:&)%'9)Gh>�4AOh<)='(�J:%'132a%'B
&)%'.;(�>�10='2H.0(=d,/10(�&�104a1;Y)(^9[FKOaUV(�.�4/6�.0(�&)FK9)&V,?9K>�25<V,/>MfA(�10BDF)B;(�&5%'95&)(>�4:&)%'9)G
,/9)&��yQXx�YL,?1 %@B�Z:10Y)(cOh4A.0(
.;(�&)F)9K&V,?9)>2h<V,/>MfA(�10B�FKB0(�&H104^&)(�>4[&K(-ZV,/B�4-<)<L4-B;(�&H104^4-.0%'GA%@9L,?=)<V,/>�f-(�1;B�Z)1;Y)(DOh4A.0(�(�J:<L(�9)B0%'*A(
1;Y)(D&)(�>�4:&)(^4-<L(�.M,/10%'4-9eQ
�X9K>�4:&)%'9)GH10Y)(a(�9:1;%@.;(a]V='(C6N4-.+,!]VJ:(�&�<V,/>�f-(�1+B;%'~�(a.0(�E:F)%'.;(�B'��104�UV(h,!6NF)9K>�10%'4-9�4?6�10YK(^]V='(�B;%@~(-Q���5GA.04?#�B+&K%@.;(�>�1;=@2

#�%'10Ya1;Y)(c]V='(
B;%@~(-Q��+»c9:6N4-.;10F)9L,?10(=@2:ZA(�9)>�4:&)(+,?9K&h&)(�>4[&K(i>4-Oh<K=@(J[%'132+%'9)>.0(�,/B0(D#�%'10Y��^B;4�1;Y)(�.;(i(J[%'B;10B
,D<).�,?>�1;%'>�,?=yF)<K<V(�.
UL4-F)9K&54-9(�ÁQ8xX4aUL4-F)9K&510Y)(^*-,?='F)(D4/6)�ÁZ`,C]L=@(C#�%@1;YHñè<V,?>�fA(�10Bc4?68%'9:6N4A.0OH,?10%'4A9a%@B�&K%@*:%'&)(�&�%@9:1;4hü*!,+ -ÄU)='4:>�f[Bc#�Y)(�.;(
(�,/>�Y�U)='4[>�f�>�4-9:1�,?%'9)B"��<V,/>�f-(�1;B�Q5¿�(&)F)9)&V,/9)>�2�<V,?>�fA(�10Ba,?.;(h10YK(�9�>�.0(�,?10(&£6_4-.D(�,?>�Y·U)='4[>�fyQ � (�%'&)(�9:1;%|6_2�,�<V,/.010%'>�FK=d,/.
<V,/>�f-(�1�4/6z,+<V,/.01;%@>F)=b,?. U)='4[>�fh,/B+�/.�÷#0��X#�YK(�.0("0¡%'B81;Y)(D%@9K&)(�Ja4?6X10Y)(DU)='4:>�f5�1032(4 � ÷65�565�÷Mü7� �98 �8,/9)&".�%'B81;Y)(D%@9K&)(�Jh4/6z,
<V,/>�f-(�1 #�%'10Y)%'9�,C<V,/.010%'>�FK=d,/.�U)='4:>�f5�/.�2&4 � ÷�565�5;÷��:� �;8 ��QXx�YK(
4-.;%'G-%'9V,?=K<V,?>�f-(10B 6N4A.8(�,/>�YhU)='4:>�faYV,�*-(<.�2(4 � ÷65�5650÷#�=� �98 Q
}K4-. (�J),?O�<)='(
%¥6>�?!�sKZ�� !¨tVZ),/9)&�ü�!Äu)Z:1;Y)(�9£� � ÷��-�X%'B�10YK(iB;(�>�4A9)&54-.;%'G-%'9V,?=L<V,/>MfA(�1�4?6XU)='4:>Mfh�KZ),?9)&��_s)÷�s-�X%'B�10YK(
]L.0B01
.;(�&)F)9)&L,?9)>�2H<V,/>�f-(�1�4/6�UK=@4:>�fhs)Q�}e%'G-FK.0(+�+&K(�Oh4A9)B01;.M,?1;(�B
1;Y)(DB01;.0F)>�1;F).0(^4?6�,H�btL÷MvA�8}X���¨(�9)>�4:&)(&5]V='(c#�%@1;Y5ügUK=@4:>�f:B�Q

Î�Ï@ A�Õ�Þ=�
Õ�Ó·ÒXÞ��,B¤Õ�ÜyÕeÛ3à8ÕeÓDC¶ØCÕ�Ó)ÒeÖ)Û0Ý�Þ
� %'1;Yh10YK(i,?UL4?*-(D,?B�UV,/>�f[GA.04AF)9)&�Z:# (
>�,/9H&)(�B0>.0%'UV(C10Y)(DG-(9)(�.0%'>D4-<L(�.�,?10%'4A9h4?6�,?9H�5����B;(�9)&)(�.D,?9)&�.0(�>(�%'*-(�.D,?B\6N4-='='4?#�B�ê

EGFIHJ�KML �ON J�P�Q �SR Q�T&U"V�Q�T � J6KW �<X�x�Y)(aB0(9)&)(�.^B01�,?.01;B+#�%'10Y�,^]V='(a1;YV,?1D%'1D9)(�(�&)BC104HOaF)='10%'>�,/B01�ZL&)%'*:%'&)(�BD10YK(^]V='(�%'9:104
<V,/>�f-(�1;B�ZX,?9)&�G-.;4-F)<)BD<V,/>�f-(�1;B+%'9[1;4hU)='4:>�f:Bi4/63��<V,/>MfA(�10BD(�,/>�Y�Qa})4A.i(�,?>�Y�U)='4:>MfyZy,�B0(�1C4?6+�1���Y�)�c.;(�&)F)9)&L,?9)>�2¤�N}X�����
<V,/>�f-(�1;B8,?.;(�>�4-O�<)F)10(&�Q�x�YK(8B;(�9)&)(�. 10YK(�9a>�Y)4:4-B0(B81;Y)(�9:F)OaUV(.�4?6y>�YV,?9K9)(�='B�ZA.M,/10(�<L(�.�>�YV,?9K9)(�=V,/9)&aB0>�Y)(�&KF)='( 6N4-.X<V,/>MfA(�10B
��4-.0%'GA%@9L,?=�,?9)&�.0(&)F)9)&V,/9)>�2)�C4-9�(�,?>�Y�>�YV,?9K9)(�=3Qh"cB+&)%'B0>F)B0B;(�&£(�,/.0='%'(�.�Ze(�,/>MY�>�YV,/9)9)(�= #�%'='=zUL(h,?&K&).0(�B;B0(�&·104�,�&)%¥�y(�.0(9[1
OaF)='1;%@>�,?B01\G-.04AF)<�Q

EGFIHJ�KML �ON J"Z[Q\L;Q�K1]^Q�T U_V�Q�T � J�KW �%X�"Â.;(�>�(�%'*-(.i#�%'B;Y)%'9)G�1;4�.;(�>�(�%'*A(+10Y)(�]V='(i#�%'='=?��4-%'9h4A9)(D4-.�O�4-.0(cOaF)='10%'>�,/B01�GA.04-FK<)B
>�4A.0.;(�B0<L4-9)&K%@9KG5104�10Y)(a>�YV,/9)9)(�='BD%'1i>�,?9�.0(�>�(%@*A(-Qa´c(�<V(9)&)%'9)GH4-9�10Y)(a�5���ÍB0>�Y)(�O�(-Zy1;Y)(�.;(�>�(�%'*A(�.�OH,�2h='(�,�*A(�,?9)&a��4A%@9
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Block {

B

k=4

n=8

(0,B-1) (1,B-1) (2,B-1) (3,B-1) (4,B-1) (5,B-1) (6,B-1) (7,B-1)

(7,1)
(7,0)(6,0)

(6,1)(5,1)

(5,0)(4,0)

(4,1)(3,1)
(3,0)(2,0)

(2,1)(1,1)

(1,0)(0,0)
(0,1)

}e%'G-F).;(+�)êX}z�\���X9K>�4:&)%'9)G

GA.04-FK<)B
4?*A(�.D10%'Oh(c104h4AU)1M,/%'9510Y)(^(�9:10%'.;(D]V='(-Qcx�Y)(�.;(�>�(�%'*A(�.8��4A%@9H<L4-='%'>�2h#�%'='=3Z)%'95GA(�9)(�.�,?=3ZLUV(^>�4-9KB010.�,?%'9)(�&�UV,/B0(�&54A9510YK(
B;(�9)&)(�.aB;>�Y)(�&)F)='%'9)G54/6
<V,?>�fA(�10B^4-9�>�YV,/9)9)(�='B�QH739·4-F).C(�*-,?='FV,/10%'4-9�4?6�B0>�Y)(�&KF)='%@9KG�B;>MYK(�Oh(�B�ZX#8(h,/B0B;F)Oh(a1;YV,?1�,í.0(�>�(%@*A(�.
,/>�>�F)OaF)=b,/10(�Bc<V,?>�f-(10B+UL(�='4-9)GA%'9)Ga104HU)='4:>�f[BD%'95U)FT�`(�.;B�,?BD1;Y)(�2�,/.0(^.0(�>�(%@*A(�&�Qa¢c9)>�(h,!U)='4[>�fy³ BDU)F:�y(�.0B+>4-9:1M,/%@9�(�9)4-FKG-Y
4A.0%'G-%'9V,/=
,?9)&¤.0(&)F)9)&V,/9)>�2¤<V,/>MfA(�10BH1;4�&)(�>�4:&)(�10Y)(�U)='4[>�fÄ�b%3Q (-Q'Z`�·<V,/>�f-(�1;BM��Z¡%@1a%'B�&)(�>�4:&)(�&eQÂ739¤10Y)(5>�,?B0(�#�Y)(�.;(510YK(
,/<)<)='%'>�,?1;%@4A9h>�,/95YV,/9)&)='(D4-F)1�IW4/6bIWB;(�E:F)(�9)>(�&V,/1M,KZ),aU)='4:>�fh%'B�&)(�='%'*-(�.;(�&51;4a10Y)(�,/<)<)='%'>�,?1;%'4-9�,/B
B;4[4A95,?B
%'1�%'B�&)(�>4[&K(�&�,/9)&
1;Y)(+U)F:�y(�.c%@B 6_.0(�(�&eQ � (+,?='B04^>�4A9)B0%'&)(�.c10Y)(C>�,?B;(+4?68,?<K<)='%@>�,?10%'4A9)B81;YV,?1�.;(�E:F)%'.0(+%'9:I3B0(E[FK(�9)>�(^&)(�='%'*-(�.;2a4?6�&V,/1M,)QX739HB;F)>�Y�,
>�,/B0(-Ze,hUK=@4:>�fy³ B
U)F:�y(�.D>�,/9)9)4-1DUL(+6_.0(�(�&�FK9[1;%'=�%'1DYV,?BcUV(�(9�&)(�>�4:&)(�&£,/9)&�,/=@=X<).;(�*:%'4-F)BDU)='4:>�f[BcYV,�*-(CUV(�(9�&)(�>�4:&)(�&£,/9)&
&)(=@%'*A(�.0(�&H1;4a10Y)(�,/<)<)='%'>�,?1;%'4-9�Q

Î�Ïba c�Õ�Ó	d�Ý�ÓKá�ÒXÞ
ÜyÕ�ãèÕeÒXé[äcÓ)Õ�é
739H4-.;&)(�.c104^(�*-,?='FV,/10(D10Y)(D<L(�.36_4-.0OH,?9)>(i4/6��5��� <).;4-1;4[>4-='B�#8(D>�4A9)B0%'&)(.
10YK(D6N4-='='4?#�%'9)GDOh(�,/B0F).;(�B�Q

Z[Q\L;Q�V>J6KW �fe`g L9KQ � L �Ihix�Y)(^.0(>�(�<)1;%@4A9�(¦{h>�%'(�9)>�25%'Bc10Y)(^.M,/10%'4h4/6�<L,?>�f-(�1;BD.0(�E:F)%'.0(&56N4A.i}X���Å&)(�>�4:&)%'9)G��Nüi�)�c1;4h10YK(
104A1M,?=L9:F)OaUL(�.�4?6�<L,?>�f-(�1;B ¹;î�oMî�nkj�î#l Qex�Y)%'B8O�(�,?B;F).0(cG-%'*-(�B\B04-O�(�%'9)&)%'>�,?1;%'4-9a,?B 104^Y)4?#¤#8(�='=L10Y)(cB0>�Y)(�&KF)='%@9KG�%'B &)4-%'9)G
#�%'10Yh.;(�B0<L(�>�1C104^B0(�9)&K%@9KGa4-9)='2a#�YV,/1�%@B�9K(�>�(�B;BM,?.;2[Q

m�W �I� Q�L9J6K1W �Yn K1opQ hi� 4A9)9)(�>�1;%'4-95x�%'Oh(c%'B
10YK(+10%'Oh(c6N.;4-O�#�Y)(�951;Y)(^.0(�>�(%@*A(�.���4-%'9)B�1;Y)(^B0(�B;B0%'4-95FK9[1;%'=�%'1
YV,/B
.;(�>�(�%'*-(&
10Y)(D(�9:1;%@.;(D]V='(-Q

E ��q Ko&F>osr[H1HWtL � J�Q Rfu F�v%Q�T�P�K1w	Q(x#E�r u P>y h
x�Y)(^�H"
µ�RH%'B�10Y)(CO�,?J:%'OaF)O$,?Oh4AF)9:1�4?6�U)FT�`(�.cB0<V,/>�(^10YV,/1�OaF)B01
UV(�,?='='4[>�,?10(&Ù,?1�10Y)(�>�='%@(9[1a1;4�Y)4-='&�,?='=�4AF)10B;1M,?9K&)%'9)G�UK=@4:>�f:B�QÄx�Y)%'Bh,?B;B0F)O�(�Ba10YL,?1a# (�,?.;(5&)4-%'9)G�4-9K=@%'9)(5}X���
&)(�>�4:&)%'9)Ga#�YK(�.0(�,^UKF:�`(.�%@B�YK(�='&�U:2�10Y)(D<V,/>MfA(�10B¡6N4-. (�,/>MY�U)='4[>�fa#�%'10YH='(�B;B
10YL,?9���<V,/>�f-(�1;B�Q

z=Q�T{L9Q � J n K1opQ u F�v%Q�T'|�Q�H R x#z n |}y h��Xx�~¨%@B <L(�.0>�(9[1�,?GA(i4/6`1;%'Oh(�,DU)F:�y(�.�%'B�Y)(�='&a&)FK.0%'9)G+1;Y)(
.;(�>�(�<)1;%'4-9H<V(.0%'4:&h4?6
,D.0(>�(�%'*-(�.�Q � Y)%'='(
�H"
µ�Ra1;(�='=@B F)B�1;Y)(
OH,?J:%'O�F)OÂUKF:�`(.�.0(�E:F)%'.0(Oh(�9:1�ZA10YK(���x�~�1;(�='=@B F)B�Y)4?#¤='4-9KG+10Y)(DU)FT�`(�.;%'9)G
.0(�E:F)%'.;(�Oh(�9:1;B�(�9)&)F).;(-Q

z=Q�T{L9Q � J_Z?Q R F ��R���� L �Ih
��,/>�Y+U)='4:>MfD#�%'='=-UL(�.0(�>4-9)B;10.0FK>�10(�&!6N.04AOg,�>�4AOaU)%'9V,?1;%'4-9
4/6V4-.;%'G-%'9V,?=?<L,?>�f-(�1;B8,?9K&+.0(�&KF)9)&V,/9)>�2
<V,?>�fA(�10B�Q�¿�(�>�,/='=V1;YV,?1 10Y)(D&)(>�4:&)(D>�4-O�<)='(�J:%@132C%@B &)%'.0(>�10='2a.0(=d,/10(�&H1;4�1;Y)(
9:F)OaUL(�.�4/6z.0(&)F)9)&V,/9)>�2�<V,?>�f-(10B�F)B;(�&h%'9
&)(�>�4:&)%'9)GLQXx�Y:F)B�ZK#8(+,?.;(D%@9:1;(�.0(�B;10(�&�%'9hf:9)4?#�%'9)G^10Y)(D<L(�.0>(�9:1M,?GA(�4/6z.;(�&)F)9)&L,?9)>�2H<V,/>�f-(�1;B
F)B;(�&5%'9h&)(>�4:&)%'9)GVQ

þ 4-10(^10YL,?1D10Y)(B0(h,?.;(�<L(�.�IW.;(�>�(�%'*-(.�<L(�.36_4-.0OH,?9)>(�O�(�,?B;F).0(�B�Q+739�4-F).D(�*-,/='FV,?1;%@4A9H=d,/10(�.D# (�#�%'='=�.;(�<L4-.01C10Y)(a,�*-(�.�,?GA(�4?*A(�.
,/=@=y.;(�>�(�%'*A(�.0Bc%@9H4AF).�(�J:<V(.0%'Oh(�9:1;B�Q
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�c%@>%@B�,?9)4Lr�s � wi<K.04-<L4-B;(�B5,?9��5���±,/<)<).;4[,?>�Y�>�,?='='(�&¤10Y)(�R:(�B;B0%'4-9�¢c.;G[,?9K%@~�,?10%'4A9ð�_R)¢D�aB;>MYK(�&)F)='%'9)G£B;>�Y)(�Oh(·r s � w0QÂx�Y)(
(�J),/Oh<)='(hB;Y)4?#�9¤%'9Ù}e%'G-F).;( � %'Bh,�B;%@O�<)='%¥]V(�&�*-(.0B0%'4A9Ù4/6�,?9�R)¢�B;>�Y)(�&)F)='(-QÄxX4�UV(5<K.0(�>�%'B;(-Z
,?9�R)¢ B0>�Y)(�&KF)='(H6N4-. �^�
>�YV,/9)9)(�='B^F)B0(�Ba,H.�,?10(�4?6�0�ö^6_4-.+� YV,?9K9)(�=�ø�öh,?9K&£,H.M,/10(a4?6�0ö�s ò��ù 6_4-.�� YV,/9)9)(�=�ø ò�Zzô�� � Q�x�Y[FKB�ZX10YK(h.M,/10(�B^4?6�10YK(
>�YV,/9)9)(�='B
,?.;(
(�J:<L4-9)(9[1;%b,?='='2a&)%'B010.;%'U)F)10(&�QXx�Y)(+R)¢ÄB0>�Y)(Oh(DB0<L(�>�%¥]V(�Bc10YV,/18(�,?>�YH.0(�>�(%@*A(�.���4A%@9KB�, q�î�q�q�nbº-ï Z:#�Y)(�.0(+R:(B0B0%'4A9����>4-9)B;%@B;10B�4/6`� YV,/9)9)(�='B�ø�öX10YK.04-FKG-Yaø ò0QzRT(�B0B;%@4A9'���c10YK(�.0(�6_4-.0(�YL,?B�.�,?1;(`0�ö�s ò�eù Q�"·.0(�>(�%'*-(�.V�¦4-%'9)B�1;Y)( Y)%'G-Y)(�B;1X9[FKOaUV(�.;(�&
B;(�B0B;%@4A9a#�Y)4-B;(�.M,/10(�&)4:(�B�9K4-1X(�J:>�(�(�&H1;Y)(8.;(�>�(�%'*A(�.�³ B .M,?1;(�>�,?<L,?U)%'='%'132�,/9)&^=@%'B;10(�9)B\104+,?='=:>�YV,?9)9K(�='B�%'9�1;YV,?1�B;(�B0B;%'4-9aF)9:10%'=:10YK(
(�9:1;%@.;(D]V='(DYV,?BcUV((�95.0(>�(�%'*-(�&eQ�x�Y)(+.�,?10%'4^4?6�10YK(+&V,?1�,^.M,/10(�Bc4?6�10Y)(�6W,?B;10(�B;1
>�YV,?9K9)(�=X104a1;Y)(+B0='4?# (�B01�>�YV,/9)9)(�=X%'B�&)(�9K4-10(&
U:2���!�s;��� ��ù Q
@�Ï;Ð Ñ�ç
Õ�A�C�A�Ü)çcÕt�cä
Ú0Õ
x�Y)(Cf-(�2H104H,?9:2hOaFK=@1;%'<)='(�IW>�YV,/9)9)(�=yOaFK=@1;%'>�,?B;18B;>MYK(�&)F)='(^%@B�1;Y)(^4-.0&K(�.
4/6810.�,?9)B;Oh%'B0B;%@4A9h4/6�1;Y)(^<V,?>�f-(10B
4A95(�,/>MY�>MYL,?9)9)(=WQ
"�1c10Y)(^Oh4AB01�>�4:,?.0B;(a10%'Oh(DB;>�,?='(^4?6�%'9[1;(�.0(B01�Ze10YK(SR)¢�B;>MYK(�Oh(^4-<L(�.M,/10(�BD%'9 ¸��)p?q�îq Q � %'10Y)%'9�,!B0%'9)G-='(+<KYV,?B;(-ZL10Y)(^B0(�9K&)(�.
#�%'='=V1;.M,/9)B0O�%@1 ,?='=V<L,?>�f-(�1;B+�b4A.0%'G-%'9V,/=V,?9)&�.0(�&KF)9)&V,/9)>�2)��4A9h10YK(iYK%@GAY)(�B;189:F)OaUL(�.0(&hB0(B0B0%'4A9�Q � (c&)(�B0>.0%'UV(C10Y)(DB0>�Y)(&)F)='%'9)G
#�%'10YK%@9�10Y)(�]V.0B;1�<)YV,?B;(-Z)1;Y)(�95&K%@B;>�F)B;B
Y)4?#�B;F)U)B;(�E:F)(�9:1D<)YV,?B;(�B
&K%|�y(�.�Q
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(0,B-1) (R-1,B-1)

(0,0) (R-1,0)

B blocks

R packets

(2R-1,B-1)

(R,0)

Superblock
First

Superblock
Second

k packets n-k packets
(original) (redundancy)

}�%'GAF).0(DtVê�RTF)<V(.0U)='4:>�fíRT10.0FK>�10F).;(

"�1+1;Y)(h9K(�J:1+10%'Oh(^B0>�,?='(a4?6
%'9:10(�.;(�B01�ZX10Y)(HR)¢¾B0>�Y)(�O�(h4-<L(�.�,?10(B�4A9 q¦k¸)î�¹©��l'º�o#ª?q Q�"�B0FK<V(�.;U)='4:>Mf·%'B�,íB0(�1^4?6iü�«(�
<V,/>�f-(�1;B�ZA#�Y)(�.0(DüÄ%'Bz1;Y)(
9:F)OaUL(�.e4?6yU)='4[>�f:B�%'9^10Y)( ]V='(�,?9)& �ë%@B�,/B�&)(�]V9K(�&�,/UV4?*A(-Qz¿¡(�>�,/=@=:1;YV,?18,c<V,/>�f-(�1�%'B�%'&)(9[1;%¥]V(�&^U[2
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<V,/>�f-(�1;Bi� � ÷ � �X1;Y).04AF)G-Y��1�� � ÷MüD� � �©®-1;Y)(
B;(�>�4-9K&�B;F)<L(�.0U)='4:>�fh>�4A9:1M,?%'9)B <V,/>MfA(�10BD�1�^÷ � �X1;Y).04AF)G-Y��Ns	�&� � ÷MüD� � �QXx�Y)(
ôdIW1;Y�B0F)<L(�.;U)='4[>�f�>�4-9:1�,?%'9)BD<V,?>�fA(�10Bh�;�Nô�� � �¯��÷ � �¡10Y).;4-F)GAYÙ�_ô1�°� � ÷�ü�� � ��Q^x�Y)(aB;(�9)&)(.�#�%'='=�1;.M,?9KB0Oh%'1D,?='=X<V,?>�f-(10B+%'9
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>�4A9)B0(E[FK(�9)>�(^4?6X10Y)%'B�%'B�10YV,/1�,/='=y4?6z1;Y)(D4-.;%@GA%'9V,?=L<V,?>�fA(�10B^�b%3Q (-Q'Z-<V,/>�f-(�1�%'9)&)%'>�(B�4 � ÷6±6±�±M��� �;8 ��6N4-.�,?='=yU)='4:>�f[B�#�%'='=LUV(DB0(9[1
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Reception Efficiency for SO Scheme (B = 256, k = 16, n = 2048, nc = 8, nr = 8, No Start Delay)
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10YK(
B0>�Y)(�&KF)='(
10.�,?9)B;Oh%'10B\4-9)(�<V,/>�f-(�1\6N4-.\(�,?>�YaU)='4:>�f+6N4A.�(�,/>MY�10%'Oh( B01;(�<�Q þ 4-1 F)9:10%'=)10YK(�]V.;B01 <V,?>�f-(184/6`1;%@O�(�vKZ->�,?9a10YK(
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}e%@GAF).0( ��� B0Y)4?#�Bc10Y)(D.;(�=b,?10%'4A9)B0Y)%'<HUL(�13#8((�9510YK(�,�*-(�.�,?GA(���x�~g,?9)&H<V,/>MfA(�1
='4AB0B 6N4A.`�?! � ©C#�%'10YH10Y)(�]V='(iB;%'~�(+4?6
t � 
-©D<V,/>�f-(�1;B�QX739h1;Y)(D>�,?B;(D4?6�U)F).;B01�='4-B;B�ZA(�*-(9h6_4-. =d,/.0GA(�U)F).0B;1�<V,?>�fA(�18='4AB0B 10Y)(DO�,/J:%@O^F)OÂU)FT�`(�.;%'9)G�.;(�E:F)%'.0(�O�(�9:1
4?6�10Y)(h�\¢�B;>MYK(�Oh(a%'B+B;10%'='=z='(�B;B�1;YV,?9�YV,/=|6�4?6�10YK(a.0(�E:F)%'.0(Oh(�9:1D6N4A.D10Y)(hR)¢¾B0>�Y)(Oh(-QH})4A.D.M,?9K&)4-O =@4AB0B�Z�1;Y)(h��¢
B0>�Y)(�O�(�O�,/%@9:1�,?%'9)By%'10B�OH,?J:%'O�FKO�.0(�E:F)%'.;(�&hU)FT�`(�. ,?&)*-,/9[1�,?GA(8F)<a1;4 � u × ='4-B0B�Z[,/9)&^UV(�2A4-9)& � u × .M,?9K&)4-O�=@4AB0B�Z-��¢
%'B�9)4+# 4-.;B0(
1;YV,?9HR)¢^Q � %@1;Ya.M,/9)&)4-O$='4-B;B�ZAUV4A10Y�10Y)(DR)¢�B;>�Y)(�Oh(D,?9)&h�\¢ÄB0>�Y)(�O�(
UL(�2-4A9)& � u × ,/>�10FL,?='='2�&)(>�.0(�,/B0(
10Y)(+,�*A(�.M,/G-(DU)F:�y(�.�.0(E[FK%@.;(�Oh(9[1;B�#�%'10Yh%'9)>.0(�,/B0%'9)Ga<V,/>MfA(�1�='4-B;B�QX"
B�1;Y)(D<V(.0>�(�9:1�,?G-(^4?6X<V,?>�fA(�1�='4-B0B %'9)>�.;(�,?B;(�B�ZL10YK(
='(�9)G-1;Yh4/6�10Y)(c>�4-9)9K(�>�10%'4A9�%'9)>.0(�,/B0(�B6®)Y)4?# (�*-(.81;Y)(DU)F:�y(�.0B�4/6�B04-O�(�U)='4:>Mf:B�,?.;(�]V='='(�&a%'9h1;Y)(
B�,?Oh(
,/Oh4AF)9:1z4/6�10%'Oh(
,?B�#�%'10YK4-F)1 <V,?>�fA(�1
='4-B;B�Z:.;(�&)F)>�%'9)G�10Y)(^,�*-(�.�,?G-(D<).;4-<L4-.;10%'4-9�4?6�104A1M,?=y1;%'Oh(i,CU)F:�y(�.c%@B�YK(�='&�QXx�Y)(��Xx�~Â.;(�B0FK=@1;B�6N4A.
10Y)(^R)¢$,?9)&5��¢�B0>�Y)(Oh(�BD,?.0(CB0%'Oh%'=b,?.�1;4a10Y)(^�H"
µ�RH.0(B0F)='10B�Q�739H10Y)(^R)¢�B0>�Y)(�O�(-Z)>�4AOaU)%'9)%'9)G^=d,/.0GA(-Z:F)9:UV4AF)9)&)(&
O�,/J[%'O^F)O$U)F:�y(�.DB0<V,/>�(^.0(�E:F)%'.0(Oh(�9:10Bc#�%'10Y5='4-9KGaU)F:�y(�.DY)4-='&51;%@O�(�B�>�.;(�,?1;(�B+.0(B04-FK.0>�(a&)(O�,?9K&)B�#�Y)%'>�Y5O�,�2a9)4A1
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% packet loss

Average % Time Buffer Held (B = 256, k = 16, n = 2048, nc = 8, nr = 8, D = Random, E = 100)

SO Random
SO Burst

PO Random
PO Burst

}e%'G-FK.0( ��� êz�e(�.;>�(�9:1M,/G-(^4?6zxX4A1M,?=yx�%'O�(�µ8F:�y(�.;B�~c(�='&

Z[Q R F ��R���� L �Ih
¿�(�>�,?='=81;YV,?1^}z�\�$&)(�>�4:&)%'9)G�>�4AOh<)='(�J:%'1325%'B�&K%@.;(�>�1;=@2�.;(�=b,?1;(�&£1;4510Y)(H9:F)OaUL(�.D4?6
O�%@B;B0%'9)GH<V,/>MfA(�10Ba# (
OaF)B01�.;(�>�4A9)B01;.0F)>�1a,?1c10Y)(^.0(>�(�%'*-(�.�Q+x�Y)(^<L(�.0>�(9[1�,?GA(a4?6�10Y)(?��<V,?>�f-(10BD.0(�>(�%'*-(�&�6N4-.c(�,?>�Y�U)='4:>MfH1;YV,?1+,?.;(+.0(&)F)9:I
&V,?9K>�2H<V,?>�f-(10B
&K%@.;(�>�1;=@2H.;(�=b,?10(Bi1;4a10Y)(C&)(�>�4:&)(^>�4-O�<)='(�J:%'132h,?1
1;Y)(+.;(�>�(�%'*-(.�r � v/w0Q�� 4-9)B;(�E:F)(�9:10='2:Z)# (+(�*-,?='FV,/10(D10YK(
<V(.0>�(�9:1�,?G-(c4?6y.0(�&KF)9)&V,/9)>�2^<V,?>�f-(10B�%'9^4-F).�(J[<L(�.;%@O�(�9:10B�Qz}e%'G-F).;( �-� G-%'*A(�BX10Y)(�<L(�.0>(�9:1M,?GA(
4/6`.;(�&)F)9)&L,?9)>�2^<V,/>MfA(�10B
6N4-.XUL4-1;Y�B;>MYK(�Oh(�B\#�%@1;Y�*-,/.02:%'9)G
<L,?>�f-(�1\=@4AB0B�Q þ 4-10(�1;YV,?1\%@.;.0(�B;<V(>�10%'*-(c4?6y<V,?>�fA(�1X=@4AB0B�.�,?1;(-Z-1;Y)(
R)¢¤B;>�Y)(�Oh(�(J[YK%@UK%@1;B
,aY)%'GAY�<L(�.;>�(�9:1M,/G-(a4?6 .0(�&)FK9)&V,?9K>�25<V,/>MfA(�10B�Qi¿¡(�>�,/=@=X1;YV,?1c10Y)(aR)¢�B0>�Y)(�O�(+%'9)&)%'B0>.0%'Oh%'9V,/10(�='2aB0>�,?9�10Y).;4-F)GAY5(�*-(.02
<V,?>�fA(�1+4?6�(�*A(�.02�U)='4:>�f�%'9�10Y)(H}X����(�9)>�4:&)(�&¶]V='(�B�Q5RT%@9K>�( �Ï!¼���^Z�1;Y)(�.;(í,/.0(a>�4A9)B0%'&)(.M,?UK=@2�Oh4A.0(^.0(�&KF)9)&V,/9)>�2
<V,?>�fA(�10B�1;YV,?9�4-.0%'GA%@9L,?=L<V,?>�f-(10B�®K>�4-9KB0(�E:F)(�9:1;=@2�#�%'10Y�,C.M,/9)&)4AO�B01�,?.01�&K(�=b,�2[Z:,+.;(�>�(�%'*A(�.
%'B Oh4-.;(�='%@fA(�='2�1;4a.0(�>(�%'*-(+,
.0(�&KF)9)&V,/9)>�2h<L,?>�f-(�1 10YL,?9h4A.0%'G-%'9V,/=:<V,?>�f-(1 6N.04AO§1;Y)(
B;>�Y)(�&)F)='(-Q þ 4A10(
1;YV,?1\6N4A.�10Y)(+R)¢ÄB;>�Y)(�Oh(c%'9)>�.0(�,?B0%'9)G^.M,/9)&)4AO
<V,?>�fA(�1D=@4AB0B�,/>�10FL,?='='2�&K(�>�.0(�,?B0(Ba.0(�&)FK9)&V,?9K>�2�<L,?>�f-(�1;B�Qhì�.0(�,/10(�.+<L,?>�f-(�1C=@4AB0BDOh(�,?9)BD.0(>�(�%'*-(�.;B�B;>�,?9�1;Y).04AF)G-Y�10YK(
B0>�Y)(�&KF)='(a=@4A9)G-(.�ZX,?9)&�B0%'9)>�(a1;Y)(h&K(�>�4:&)(�.^>�Y)4:4-B0(B+4-.;%@GA%'9V,?=X4?*-(.i.;(�&)F)9K&V,?9)>2�<V,?>�f-(10BD6N4A.D&)(�>�4:&)%'9)GLZ�1;Y)(a='4-9)GA(�.
B0>�Y)(�&KF)='(+B0>�,/9H%@9:1;(�.0*-,/=y%@9K>�.0(�,/B0(�BD1;Y)(D=@%'fA(�='%@YK4[4:&a4/6z10YK(+.0(�>(�%'*-(�.cB010FKOaU)='%@9KG+%'9[1;4�4A.0%'G-%'9V,/=V<L,?>�f-(�1�1;(�.0.;%'104-.;2[Q þ 4A10(
10YV,/1D10Y)%'BD%'Bi9K4-1D10.;F)(a6N4A.
U)FK.0B01C<V,?>�f-(1+='4-B0BDUL(�>�,/F)B0(�UV4A10Y�B0>�Y)(�O�(�B+.0(>�4?*-(�.^B04HE:F)%'>�f:=@2�6N.;4-O U)F).0B;1+='4-B;B�Q þ 4A10(
10YV,/1X6N4A.�10Y)(
�\¢ÄB0>�Y)(�O�(-Z-1;Y)(
<L(�.;>�(�9:1M,/G-(D4?6y.0(�&KF)9)&V,/9)>�2h<L,?>�f-(�1;B8%'B�*A(�.02^>�='4-B;(
1;4+10Y)(�<L(�.;>�(�9:1M,/G-(D4?6�<V,/>�f-(�1�='4AB0B�Q

Z[Q\L;Q�V>J6KW �fe`g L9KQ � L �f����R m�W �I� Q\L;J�KW �Yn KopQ hi¿�(�>�,?='=:10YV,/1�10YK(
��¢¤B0>�Y)(&)F)='(�%'Bz,?1;10(�O�<)10%'9)G�1;4D%@O�<).04?*A(X4-9+4A10Y)(�.
<V(.36N4A.0O�,/9)>�(+O�(�10.;%'>�BD9)4-1D>�4A9)B0%'&)(�.;(�&�%'9510YK(a&)(�B0%'GA9�4/6810Y)(aR)¢$B;>�Y)(�Oh(^#�Y)%'='(�,?1;10(�O�<)10%'9)G�104�O�,?%'9:1M,/%'9hB0%'O�%@=b,/.
.0(�>(�<)10%'4A9�(�{h>%@(9)>�2�,?9)&5>4-9)9)(>�10%'4-9�10%'O�(-Qi}e%'G-FK.0( � saG-%'*A(�B
1;Y)(a.0(�>(�<)10%'4A9�(�{h>%@(9)>�2H6N4A.i��! � ©KQi}K4-.D.M,/9)&)4AO
='4-B0B�Z?10YK(
��¢�B;>�Y)(�Oh(�>4-9)B;%@B;10(�9:1;=@2^<L(�.36N4A.0O�BzUL(�1;10(�. 10YV,/9�1;Y)(
R)¢¨B0>�Y)(�O�({®AY)4?#8(*-(�.�Z-%'9^10Y)(�>�,/B0(�4/6`U)FK.0B01\=@4AB0B�Z-4AF).
B0>�Y)(�O�(D<V(�.�6N4-.;OhBc#84A.0B0(C10YV,/9íRK¢Â6_4-.�='4?#�<L,?>�f-(�1c='4-B0B�Q x�Y)(+(�J:<)=b,?9L,?10%'4A9a6N4A.�10Y)(+B;(�9)B;%@1;%'*[%'132H4?6�1;Y)(���¢�B0>�Y)(Oh(
104aU)FK.0B01�='4AB0B�%'B�G-%'*-(9h%'95R:(�>�1;%@4A95u)Q��)Q�s)Q
� %'10YH10YK(���<V,/.M,?O�(�10(.�Z)# (+>�,/95*-,?.;2h1;Y)(�B;<).0(�,?&54/68<V,?>�fA(�10B¡6N.04AO 1;Y)(�B�,?O�(iUK=@4:>�fh%'954AF).�<V,/.010%'1;%@4A9)%'9)GaB0>�Y)(Oh(
#�Y)%'>�Y�>�,/9�UV(h,/&���F)B;10(�&�1;45,?='='(�*:%d,/10(+1;Y)(a<).;4-U)='(�O�B�,/B0B;4[>%d,/10(�&�#�%'1;Y�U)FK.0B01C=@4AB0B�Qh¿�(�>�,?='=X10YV,/1+10Y)(h,/&���,/>�(�9)>�2�4?6
<V,?>�fA(�10BX6_.04-O�10Y)(cBM,/Oh( U)='4[>�f+%'9^10Y)(D��¢¨B0>�Y)(�O�(�(�9V,?UK=@(B�.0(�&KF)>�(�&HO�,/J:%@O^F)O�UKF:�`(.0%'9)G^.0(�E:F)%'.0(Oh(�9:10B6®-1;Y)(�.;(�6N4-.;(-Z
%'9)>�.0(�,?B0%'9)G$�g&)(�>.0(�,/B0(�BH10YK(�(¦{h>�,?>�2�4/6i1;Y)(���¢ B0>�Y)(�O�(h#�%'10Y·.0(�B;<V(>�1h1;4�U)FT�`(�.;%'9)GVQ£}e%'G-FK.0(�B � �5,?9)& � t�G-%'*-(
10Y)(C.0(�>�(<)10%'4-9�(¦{h>�%'(�9)>�2�,/9)&5OH,?J:%'O�F)O$U)FT�`(�.+,/=@='4:>�,/10%'4-9!6N4-.c10Y)(a��¢�B0>�Y)(�O�(+#�%'10Y(��! � ©^6N4A.
*-,?.;2:%@9KG
�¨,/9)&
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% packet loss

% Redundancy Packets (B = 256, k = 16, n = 2048, nc = 8, nr = 8, D = Random, E = 100)

SO Random
SO Burst

PO Random
PO Burst

}e%'G-F).;( �A� êX�e(�.0>�(9[1�,?GA(�4/6�¿�(&)F)9)&V,/9)>�2H�z,/>�f-(�1;B

50

55

60

65

70

75

80

85

90

95

100

0 5 10 15 20 25 30 35 40 45 50

%
 E

ffi
cie

nc
y

% packet loss

Reception Efficiency (B = 256, k = 16, n = 2048, nc = 8, nr = 8, D = Random, E = 100)

SO Random
SO Burst

PO Random
PO Burst

PO Burst(ω = 31)

}e%@GAF).0( � s)ê�¿�(>�(�<)1;%@4A95�e{h>�%'(�9)>�2
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U)F).;B01+<V,/>�f-(�1D='4-B;B�Q þ 4-1;(a10YV,/1i%'9)>.0(�,/B0%'9)GH10Y)(a4/�`B;(�1DB0%'G-9K%|]L>�,?9:10='2H%'Oh<).;4?*-(�Bc10Y)(a.;(�>�(�<K10%'4-9�(�{h>%@(9)>�2�®�YK4?#8(�*A(�.�Z
%'1i%'9)>.0(�,/B0(�Ba1;Y)(hOH,?J:%'O�F)O¾U)F:�y(�.�.;(�E:F)%'.0(�O�(�9:10B^F)9:10%'=�%'1D%'B+B0%'Oh%'=b,?.c10451;Y)(hR)¢�B;>MYK(�Oh(-³ B+OH,?J:%'O�FKO�U)F:�y(�.^.0(�I
E:F)%'.0(�O�(�9:10B�Qex�Y)(D,?<)<)='%'>�,/10%'4-9+OaFKB01X&)(�>�%'&)(D#�Y)%'>�Ya4?�yB0(18%'B8,/<)<).04A<).0%b,/10( 6N4A.�%'10B�9)((�&)B�Q ¿�(�>4-9)B;%@&K(�.81;Y)(
UKF).0B;18='4-B;B
>�F).;*-(c6N4-. 10YK(��\¢ÂB0>�Y)(Oh(
%'9H}�%'GAF).0( � sKQ þ 4-1;(i1;YV,?1 U:2hB;(�101;%@9KG%�f!�� � 6_4-. U)F).0B;1�='4-B0B�Z:10Y)(+��¢ÅB0>�Y)(�O�(
<L(�.36_4-.0O�B
��î�m_mNî�¹ 10YV,/9a10Y)(DR)¢�B;>�Y)(�Oh(AQ � Y)%'='(8# (�='4-B0(�OaFK>MY^4?6y10YK(
U)F:�y(�.;%@9KG�,?&)*-,/9:1M,?GA(�B�ZA# (�B010%'='=)&)4C9)4-1�B;F:�y(�.�6_.04-O�B01�,?.01
&)(�=b,�2h,?9K&�>�YV,/9)9)(�=e&)(�B;2[9K>MYK.04-9K%@~�,?10%'4A9�Q

Reception Efficiency for the UPO Scheme (B = 256, k=16, n = 2048, nc = 8, nr = 8, D = None, Burst Loss)
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}e%'G-F).;( � �)êX¿�(�>(�<)10%'4A9��e{h>�%'(�9)>2a6N4A.�µ8F).;B01�$y4-B;B�%'9h10YK(���¢gRT>MYK(�Oh(

P�J � T9J"Î�Q�H ���p����R m�Ì ���I� Q�H`Î�Q N©��� L6ÌIT9W � Kkw � J6KW � P�Q ��N K1J6K]�KkJ �Ih¡��.0(�*:%'4-F)B;='2�#8(H&)%'B0>F)B0B;(�&�10YK(�B;(�9)B;%@1;%'*[%'132�4/6i10YK(
R)¢ÄR:>�Y)(�Oh( 104CB01M,/.01�&K(�=b,�2[Z-,/9)&a# (�&)(�10(.0Oh%'9)(&�1;Y)(
B;(�9)B0%'1;%@*:%'132+1;4+UV(
,�.0(�B;F)='1�4?6y10Y)(c%'9[1;(�.0>�YV,/9)9)(�=L&)(�<L(�9)&K(�9)>�%'(�B�Q
x�Y)(���¢¾R:>�Y)(�Oh(C&)4:(�B
9)4A1
YV,�*A(+10YK(�B0(^&)(�<L(�9)&)(9)>�%'(�B^B0%'9)>�(^(�,?>�Y5>�YV,/9)9)(�=\%@B
,!<V,?.;10%'10%'4A9t®)1;Y)(�.0(¦6N4-.;(-Z�%'1�&)4:(�BD9)4A1
B0F:�y(�.�,/9:25='4-B0BD4/6�.;(�>�(�<)1;%'4-9�(�{h>�%'(�9K>�2�#�%'10Y5B;1M,?.;1+&)(�=b,�2:Qa})4A.
B0%'O�%@=b,/.�.0(�,/B04-9KB�ZX10YK(h��¢�R:>�Y)(�O�(S,/='B04H&)4:(�B+9)4A1
B0F:�y(�.D,?9:2a<).04AU)='(�OhB &)F)(C104^>MYL,?9)9)(=z&K(�B02:9)>�Y).;4-9)%'~�,/10%'4-9�Q

Z ����R W^osÿ)W N6N r R�� VIJ � J6KW �<h�� 4A9:10.04A='=@%'9)G&�+,?='='4?#�B�4-FK.8,?<)<K.04[,/>�Y�1;4�,?&V,/<)1X104+.�,?9)&K4-Og<L,?>�f-(�1\=@4AB0B�Qz}e%'G-F).;( � ucG-%'*A(�B
10Y)(CO�,?J:%'OaF)O�U)F:�y(�.D.0(�E:F)%'.0(Oh(�9:10Bc6N4A.
*-,/.02:%'9)G�.�,?9)&K4-O�='4-B;Bi,?9K&'�^6N4-.c10Y)(^��¢$B0>�Y)(Oh(-Q þ 4A10(+1;YV,?1D,?BD<V,?>�fA(�1
='4-B0Bc%'9)>�.0(�,?B0(B+10Y)(
�a>�,/95UV(^F)B;(�&�1;4hY)(=@<�.0(&)F)>�(^10Y)(^O�,/J:%@O^F)O$.0(E[FK%@.;(�&�U)F:�y(�.+B0%'~�(AQi�e�y(�>�1;%'*-(�='2:Zy10Y)(��h*-,?='F)(
4-9)='2HB0YK%|6_10B+,?>�>(�B0B;%@9KG�1;Y)(�.;(�&)F)9K&V,?9)>2�<V,/>�f-(�1;BD6N.04AOP1;Y)(�.;(�&)F)9K&V,?9)>2�>MYL,?9)9)(=@BD1;4�1;Y)(a4-.;%'G-%'9V,?=e>�YV,?9)9K(�='B�Qa})4A.
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Max. Required Buffer Space for the UPO Scheme (B = 256, k=16, n = 2048, nc = 8, nr = 8, D = None, Burst Loss)
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Max. Required Buffer Size for PO Scheme (B = 256, k=16, n =2048, nc = 8, nr = 8, No Start Delay, Random Loss)
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